This paper presents a cell nucleus segmentation and area measurement of Pap smear images by means of modification of color canals with Canny edge detection and morphological reconstruction methods. Cell nucleus characterization plays an important role for classifying the degree of abnormality in cervical cancer. The aim of this work is to find the matched measurement method with the manual nucleus area measurement. In this work, we utilized pap smear single cell images from Herlev data bank in RGB mode. The cell images were selected from 90 normal class subjects that include: Normal Superficial, Normal Intermediate, and Normal Columnar classes. The nucleus of each cell image was cropped manually to localize from the cytoplasm. The color canals modification was performed on each cropped nucleus image by, first, separating each R, G, B, and grayscale canals, then implementing addition operation based on color canals (R+G+B, R+G, R+B, G+B, and grayscale). The Canny edge detection was applied on those modifications resulting in binary edge images. The nucleus segmentation was implemented on the edge images by performing region filling based on morphological reconstruction. The area property was calculated based on the segmented nucleus area. The nucleus area from the proposed method was verified to the existing manual measurement (ground truth) of the Herlev data bank. Based on thorough observation upon the selected color canals and Canny edge detection. It can be concluded that Canny edge detection with R+G+B canal is the most significant for all Normal classes (r 0,305, p-value 0.05). While for Normal Superficial and Normal Intermediate, Canny edge detection is significant for all RGB modifications with (r 0.414 -0.817 range, , p-value 0.05), and for Normal Columnar, Canny edge detection is significant for R+B canal (r 0.505, p-value 0.05).
INTRODUCTION
Cervical cancer has been the second highest cause of cancer death among women in the world. Cervical cell sample, known as a Pap smear cells, taken from the squamous epithelium during an examination of anatomic pathology of a female patient's cervix. Pap (anicolaou) smear test, as a mechanism-smear diagnosis of cervical pre-cancer, becomes a preventive measure for cervical cancer. The objective of precancer diagnosis is observing an amount of cervical cell sample and detecting the active cancer cell in it. The Pap-smear database [1] included nucleus area as one of the 20 features in defining cell abnormality. Furthermore, medical experts emphasize the importance of the ratio between nucleus area and cytoplasm area (N/C ratio) for describing cell malignancy [2] . Key stage in the automatic detection of early cervical cancer is the accuracy of the segmentation nucleus of cells [3] . We have conducted a preliminary study to compare four segmentation methods (Roberts, Prewitt, Sobel and Canny) to localize the nucleus on three normal superficial cell images. The segmentation methods were done by modifying RGB color canals and grayscale and region filling. The result confirmed that Canny edge detector shows the best [4] . Based on this result, we focus this study to observe the Canny edge detector on 90 normal Pap smear cells and analyze the results statistically. This paper is divided into several sections. Section 2 discusses about materials and methods used in the study. Section 3 describes the results and discussion about color canals modification, edge detection, segmentation, and area measurement of the nucleus. Then, enclosed with conclusions and further research plans. Herlev data bank [1] consisted of 917 images of cervical cells with single nucleus. Each cell was classified into seven classes by cyto-technicians and doctors based on manual measurement and clinical confirmation [2] . The distribution of the data was given in Table. 1. We focused on the first three normal classes, in which each class had 30 image data.
MATERIALS AND METHODS

Modification
Segmented Area Measurement The methods consisted of manual nucleus cropping ( Fig.2) , color canal separation, edge detection, modifications of color canals, segmentation by region filling, and nucleus area measurement (Fig. 1 ). The color canal separation was performed to detach the Red (R), Green (G), and Blue (B) canals and grayscale. The grayscale value was obtained by forming a weighted sum of the R, G, and B components as given in (1) . 0.2989 * R + 0.5870 * G + 0.1140 * B (1) Nucleus Cytoplasma
FIGURE 2. A process of cropping nucleus image
Since Pap smear cell images had large noise and lots of variety of forms, in some circumstances it was difficult to recognize the cell nucleus shape easily. It required a good edge detection. Canny edge detector is one of edge operators that has preferable anti-noise ability [5] . Canny method can accomplish the effect that not only the noise is suppressed, but also the true image edges are found. The ones that are best defined are based on Canny's theory: good detection, and good localization [5] , [6] . In this study, we performed the canny edge detection on all canal modifications (R+G+B, R+G, R+B, G+B, and Grayscale) resulting in binary edge images.
The binary edge images of each canal modification were then localized based on morphological reconstruction [7] . The purpose of this localization was to segment the edge area. In this regard, we utilized region-filling by filling in the background pixels from the edge of the image by following the 4connected background neighbors. This process resulted in segmented areas.
The nucleus areas were measured by using regional descriptors. Since the Canny edge detector was exceedingly sensitive for certain cases, the segmented area results could be more than one. Therefore, we decided to choose only the largest area.
RESULT AND DISCUSSION
This The gray-scale image is commonly used in Pap smear microscopy acquisition. Some previous researchers mostly also used grayscale images [8] - [14] . However, single-canal signal produces less information than color canal information. Therefore, the use of RGB mode in image processing enables to provide more accurate information. In this study, we perform analysis of nucleus cell images in two modes, grayscale and RGB modes.
In early detection of Pap smear cell image, color plays an important role in determining pathological status. Our proposed technique was to separate the RGB canals and modify the canals, and then to segment the nucleus part by using the RGB canal modification (R+G+B, R+G, R+ B, G+B). One of the examples of the canals modification using R+G+B is given in Fig.3 This helps fill in gaps in the detected edges. In this study, the Canny edge detector performed edge detection separately in each canal. The threshold parameter was done based on the default mode according to the image characteristics. In all cases, the default threshold is chosen heuristically in a way that depends on the input data. The best way to vary the threshold is to run edge once, capturing the calculated threshold as the second output argument. Then, starting from the value calculated by edge, adjust the threshold higher (fewer edge pixels) or lower (more edge pixels). In this regard, the low and high threshold values were based on the gradient magnitude of the image. In general, the detected edge results gave moderately good nucleus localization due to its sensitivity. On the other hand, its sensitivity has brought about overdetected results. As given in Fig. 3 , additional lines occur in almost all areas in the surrounding of the nucleus. Therefore, the best way to decide the nucleus area is defining the largest area among the detected areas. In this regard, a segmentation based on morphological reconstruction was implemented to the binary edge images providing a region filling effect on the image (Fig. 4) . (1) (2) (3) To Fig. 5 shows an example of the final results of the segmented nucleus after additional lines removal. From these images, the area can be simply quantified by calculating the pixel values of the segmented area. NS NI NC The results of area measurement of the nucleus were compared with the results of manual segmentation of the nucleus area from Herlev data. We used a correlation Spearman's rho for comparison the result of 90's nucleus area. Comparison of correlation Spearman's rho for nucleus area of all normal class and each classes is shown in Table. 2.
A correlation analysis indicates a very close relationship between the nucleus area of the manual and Canny segmentation results on the same nuclei.
The Canny edge detection with R+G+B and G+B revealed the closest performance to the manual calculation (0.305 for R+G+B and 0.208 for G+B at 0,05 p-value with 2-tailed). The superior performance of Canny with color canal modification is given in Normal Superficial class. Table 2 , in which the methods shown improved detection at all modification, has a range of correlation Spearman's rho 0,793 -0,540. All of correlation are significant at the 0,01 pvalue (2-tailed). It means that the result of nucleus area calculation for Normal Superficial has a strong correlation to manual segmentation.
TABLE 2. A Comparisson of Correlation of Spearman's rho for All Four Modification Color Canal Methods
Methods All Normal Class
Normal Superficial
Normal Intermediate
Normal Columnar Canny_R+G+B 0,305** 0,707** 0,817** 0,264 Canny_R+G 0,138 0,577** 0,615** 0,212 Canny_R+B 0,179 0,709** 0,596** 0,505** Canny_G+B 0,208* 0,504** 0,724** 0,103 Canny_Grayscale 0,203 0,793** 0,414* 0,377* N 9 0 3 0 3 0 3 0 ** Correlation is significant at the 0.01 level (2 tailed) * Correlation is significant at the 0.05 level (2 tailed)
In Normal Intermediate class, the best performance is obtained at Canny with all color canal modification. All Canny edge detection with color canal modification shows higher correlation in nonparametric test. In this regard, Canny edge detection with R+G+B has been achieved at 0,817. While for Normal Columnar class, the highest value is attained at 0.505 for Canny with R+B. This finding shows that the Canny edge detector is not sensitive for this class. Table 3 shows that the mean and the standard deviations for all methods and three classes are weak for all Normal class, Normal Intermediate and Normal Columnar compared to the manual results, which indicate irregularity of the structure. It means the result of the area measurement varies. The closest performance to manual results has been achieved in Normal Superficial, which shows that mean and standar deviation do not differ greatly. 
CONCLUSION
The analysis of area measurement in Normal Pap smear images requires an accurate identification of nucleus edge with has high sensitivity in various nucleus. A number of color canal modifications with Canny edge detection and morphological reconstruction have been applied in Normal Pap smear images. We compared the 90 set of images with manual ground-truth. In terms of correlation, the Canny with R+G+B achieved the highest significancy. The evaluation has shown that the result of nucleus area calculation for Normal Superficial has a strong correlation to manual segmentation. While for Normal Columnar class, Canny edge detection gives inconsistent with the manual ground-truth with a number of different correlation. Similarity in grouping the result of area measurement between manual and Canny edge detection was also achieved with 0,305 correlation. Therefore, we conclude that Canny edge detection is potential for certain class. However, we need more reliable practical alternative methods to segment Pap smear images effectively. Furthermore, for further research, we will calculate other features in Pap smear cell images, such as longest diameter of the nucleus, the nucleus and cytoplasma brightness.
